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On relation between unitary gauge and gauge given by ξ-limiting process
T. Kiyan∗, T. Maekawa, M. Masuda and H. Taira
Department of Physics, Kumamoto University, Kumamoto 860-8555
It is shown that in general the gauge given by the limit of ξ → 0 in Rξ gauge does not necessarily
agree with the unitary gauge by examining the symmetry breaking of two steps from SU(3)⊗ U(1)
N
to SU(2)⊗ U(1)
Y
and then to U(1)
em
.
PACS numbers: 12.60.Cn; 12.60.Fr; 12.60.-i
1. INTRODUCTION
It is usually stated that the special gauge given by ξ → 0 in Rξ gauge[1, 2] is the unitary (U) gauge[3, 4], in this
gauge only the exchanges of physical vector and physical Higgs particles[5] may be treated because the ghost fields
and the Goldstone bosons[6] drop out, and the U gauge is renormalizable if ultraviolet divergences resulting from the
vector propagators are handled carefully. The U gauge is defined by the condition that the scalar field φ(x) after the
gauge fixing has no components in the subspace spanned by the Goldstone bosons, which is the space spanned by Liv
with the real representation matrices Li corresponding to the symmetry breaking generators and with the vacuum
expectation value v of a scalar field. On the other hand, the Rξ gauge is usually defined by the condition that the
gauge fixing is given through the gauge fields together with the ghost fields[2]. Though their definition is different
from each other, the gauge given by ξ → 0 in Rξ agrees with the U gauge in many cases such as in the standard
model(SM). It is, however, expected that the special gauge and the U gauge will not necessarily agree because the Rξ
gauge is chosen with no transition terms resulting from the covariant kinetic energy term after the symmetry breaking
while these transition terms do not vanish in the U gauge in general[7].
In this note, we study the model with the gauge group SU(3)⊗U(1)N without the color symmetry and introduce
the scalar fields, χ, ρ, η, in order to make our discussion clear as well as the gauge fields. It is shown that when the
spontaneous symmetry breaking (SSB) occurs through two steps such as SU(3)⊗U(1)N → SU(2)⊗U(1)Y → U(1)em
the condition of the unitary gauge is not satisfied for the scalar particles remaining without vanishing in the limit of
ξ → 0.
2. PRELIMINARIES
Let us introduce the scalar fields which may be irreducible components of a scalar field under the group
SU(3)⊗U(1)N as follows
χ =

 χ−χ−−
χ0

 ∼ (3,−1),
ρ =

 ρ+ρ0
ρ++

 ∼ (3, 1), (2.1)
η =

 η0η−
η+

 ∼ (3, 0),
where the charge operator is given by Q = T 3 − √3T 8 + N with the generators T j, N of SU(3) and U(1)N . The
renormalizable gauge invariant Lagrangian for the scalar and gauge fields is given by
L = −1
4
∑
a
V aµνV
aµν +
∑
φ
(Dµφ)†(Dφ) − V (φ), (2.2)
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2where φ stands for χ, ρ and η, and the covariant derivative for φ is defined by
Dµφ =
(
∂µ − i g
2
8∑
j=1
λjAjµ − igNyφBµ
)
φ,
with yφ = −1, 1 and 0 for φ = χ, ρ and η. The field strengths of the gauge fields are as follows
V aµν = ∂µV
a
ν − ∂νV aµ + ga
9∑
bc
fabcV
b
µV
c
ν , (2.3)
with V aµ = A
a
µ, ga = g(a = 1, · · · , 8), V 9µ = Bµ, g9 = gN and the structure constants of the gauge group SU(3)⊗U(1)N
with fab9 = 0. In what follows the summation convention will be used unless stated otherwise.
The potential of the scalar fields is given as follows
V (φ) = c1
(
χ†χ− 1
2
χ2v
)2
+ c2
(
ρ†ρ− 1
2
ρ2v
)2
+ c3
(
η†η − 1
2
η2v
)2
+ c4
(
χ†χ− 1
2
χ2v
)(
ρ†ρ− 1
2
ρ2v
)
+ c5
(
χ†χ− 1
2
χ2v
)(
η†η − 1
2
η2v
)
+ c6
(
ρ†ρ− 1
2
ρ2v
)(
η†η − 1
2
η2v
)
+ c7
(
χ†ρ
)(
χ†ρ
)†
+ c8
(
χ†η
)(
χ†η
)†
+ c9
(
ρ†η
)(
ρ†η
)†
, (2.4)
where the ca, χv, ρv and ηv are some real constants and (2.4) is written by assuming a symmetry under φ→ −φ.
The scalar fields may be treated with the hermitian fields by writing φj = (φ2j + iφ1j)/
√
2 with the hermitian fields
φ1j and φ2j , and the notation φˆ with the components φˆαj = φαj (α = 1, 2) is used. Then, the covariant derivative
corresponding to that below (2.2) can be rewritten as follows
Dˆµφˆ ≡
(
∂µ − i(Lˆa− + Lˆa+)V aµ
)
φˆ, (2.5)
where the representation matrices, Lˆa±, for φˆ are given by
Lˆa− = I2 ⊗ La−, Lˆa+ = τ2 ⊗ La+, (2.6)
La± =
1
2
(La ± LaT ), La = 1
2
λa (a = 1, 2, · · · , 8), L9 = yφI3.
It is noted that the representation matrices Lˆa± for φˆ are hermitian and antisymmetric and thus they are equivalent
to some of the representation matrices of the orthogonal group SO(6). The action of the Lˆa± on φˆ is given by
(Lˆa±φˆ)αj = (I2 or τ2)αβL
a
±jkφˆβk with (I2)αβ = δαβ and (τ2)αβ = −iǫαβ = iǫβα, ǫ12 = 1, and the following relations
hold
ψ†φ =
1
2
ψˆT (I2 + τ2)⊗ I3φˆ,
(Dµψ)†Dµφ = 1
2
(Dˆµψˆ)T (I2 + τ2)⊗ I3Dˆµφˆ. (2.7)
We use the notation Φ = (χ, ρ, η) when the scalar fields are considered as the irreducible components of a scalar
Φ. Then the covariant derivative for Φ can be written as follows
DµΦ = (∂µ − iKΦµ )Φ, (2.8)
KΦµ = K
χ
µ ⊕Kρµ ⊕Kηµ,
where ⊕ means a direct sum of the matrices and the notation Kφµ denotes the quantity gλ · Aµ/2 + gNyφBµ given
below (2.2). The covariant derivative for Φˆ corresponding to (2.8) is given as follows
DˆµΦˆ = (∂µ − iKΦˆµ )Φˆ, (2.9)
KΦˆµ = I2 ⊗ (Kχµ− ⊕Kρµ− ⊕Kηµ−) + τ2 ⊗ (Kχµ+ ⊕Kρµ+ ⊕Kηµ+),
Kφµ± =
1
2
(Kφµ ±KφTµ ).
3The covariant kinetic energy for the scalar in (2.2) can be rewritten as follows∑
φ
(Dµφ)†(Dµφ) = (DµΦ)†DµΦ
=
1
2
(DˆµΦˆ)T (I2 + τ2)⊗ (I3 ⊕ I3 ⊕ I3)DˆµΦˆ. (2.10)
3. SSB AND KINETIC ENERGY TERM OF SCALARS
By introducing the VEV(χv) for χ, the symmetry SU(3)⊗U(1)N is broken down to SU(2)⊗U(1)Y with the
hypercharge Y = N −√3T 8. The field is rewritten as follows
χ =
1√
2
(χv + χ
′) =
1√
2

 χ−1χ−−2
χv + χ
0
3

 . (3.1)
The hermitian field χˆ corresponding to χ is written as follows
χˆ = χˆv + χ˜,
with (χˆv)αj = χvδα2δj3.
By fixing the gauge through the Higgs mechanism, the χ changes to the form
χ =
1√
2

 00
χv + χh

 , χ†h = χh, (3.2)
where the same notation for the χ before and after a transformation is used because the confusion will not occur and
in what follows the same will be made unless stated otherwise. By the unitary transformation to fix the gauge, the
fields ρ and η will be affected but have the form corresponding to those before the symmetry breaking.
It is easily seen that the condition of the unitary gauge[3, 4] is satisfied in the case of the breaking because the
following relations hold for the matrices corresponding to the broken generators
χˆTv I2 ⊗ λaχ˜h = 0, (a = 5, 7),
χˆTv τ2 ⊗ λaχ˜h = 0, (a = 4, 6),
χˆTv τ2 ⊗ (−
√
3λ8/2 + 1)χ˜h = 0, (3.3)
with (χ˜h)αj = χhδα2δj3.
Next, by the VEV of ρ, the symmetry is broken down from SU(2)⊗U(1)Y to U(1)em and the ρ may be written as
follows
ρ =
1√
2
(ρv + ρ
′) =
1√
2

 ρ+1ρv + ρ02
ρ++3

 . (3.4)
The hermitian field ρˆ is written as follows
ρˆ = ρˆv + ρ˜.
By fixing the gauge through the Higgs mechanism as in for the χ, the ρ may be written in the form
ρ =
1√
2

 0ρv + ρh
ρ++3h

 , ρ†h = ρh. (3.5)
Then, the condition of the unitary gauge is satisfied as in the case of the SM, i.e.,
ρˆTv I2 ⊗ λ2ρ˜h = 0,
ρˆTv τ2 ⊗ λ1ρ˜h = 0,
ρˆTv τ2 ⊗
(
(λ3 +
√
3λ8)/2− 1)ρ˜h = 0, (3.6)
4with the nonzero components {ρˆv}αj = ρvδα2δj2, ρ˜α2 = ρhδα2 and ρ˜α3 and thus the only symmetry of the U(1)em
remains with the charge operator Q(= T 3+Y ). It is noted that the third component of the χ is not affected but that
of η is affected by a transformation of the gauge fixing at this stage.
Similarly, the VEV of the η is introduced as follows
η =
1√
2
(ηv + η
′) =
1√
2

 ηv + η01η−2
η+3

 . (3.7)
It is evident that the VEV of the η is independent of the symmetry breaking because the relation τ2 ⊗Qηˆv = 0 holds
and there remains no symmetry breaking generator.
It is easily seen that the above conditions (3.3) and (3.6) do not change even in the case by one step of breaking from
SU(3)⊗U(1)N to U(1)em. Explicitly, with a well known method one parametrizes the χ in the form U †χ(χv+χh)/
√
2
with the χ in (3.2) and the ρ in the form U †χU
†
ρ(ρv + ρh)/
√
2 with the ρ of (3.5), and then the unitary transformation
by UρUχ may be carried out to give the desired result.
The covariant kinetic energy terms of the scalar fields in terms of the tilde fields are rewritten as follows∑
φ
(Dµφ)†Dµφ = 1
2
∑
φ
[
(Dˆµφ˜)T Dˆµφ˜
+
{
vˆT (I2 + τ2)⊗KφµKφµ φ˜+ φ˜T (I2 + τ2)⊗KφµKφµ vˆ
}
+ 2ivˆTKφµ∂
µφ˜+ vˆTKφµKφµ vˆ
]
, (3.8)
where vˆ stands for χˆv, ρˆv, ηˆv. The last term in (3.8) gives the mass to the gauge bosons and rewritten in terms of
the mass eigenstates as follows
M2WW
µ+W−µ +M
2
XX
µ+X−µ +M
2
Y Y
µ++Y −−µ +
1
2
(
M2Z1Z
µ
1Z1µ +M
2
Z2
Zµ2Z2µ
)
, (3.9)
where
√
2W±µ = A
1
µ ∓ iA2µ,
√
2X±µ = A
4
µ ± iA5µ,
√
2Y ±±µ = A
6
µ ± iA7µ,
Aµ = sWA
3
µ + cW
(
−
√
3tWA
8
µ +
√
1− 3t2WBµ
)
,
Zµ = cWA
3
µ − sW
(
−
√
3tWA
8
µ +
√
1− 3t2WBµ
)
, Z ′µ =
√
1− 3t2WA8µ +
√
3tWBµ,
Z1µ = cosφZµ + sinφZ
′
µ, Z2µ = − sinφZµ + cosφZ ′µ,
M2W =
g2
4
(
ρ2v + η
2
v
)
, M2X =
g2
4
(
χ2v + η
2
v
)
, M2Y =
g2
4
(
χ2v + ρ
2
v
)
,
M2Z1 =
1
2
[
M2Z +M
2
Z′ −
√
(M2Z′ −M2Z)2 + 4(MZZ′)4
]
,
M2Z2 =
1
2
[
M2Z +M
2
Z′ +
√
(M2Z′ −M2Z)2 + 4(MZZ′)4
]
,
cW = cos θW , tW = tan θW =
gN√
g2 + 3g2N
, tanφ =
M2Z −M2Z1
M2ZZ′
, M2Z =
M2W
c2W
,
M2Z′ =
1
3
(
1− 3t2W
)[(2 + 3t2W )M2Y + (2− 3t2W )M2X − (1 + 3t2W )(1− 3t2W )M2W ],
M2ZZ′ =
1
cW
√
3
(
1− 3t2W
)[M2Y −M2X + 3t2WM2W ].
The third term on the right side in (3.8) remains without vanishing in the Higgs mechanism in contrast to the cases
of the SM and the Rξ gauge and is given as follows
igρv
(
Y −−µ ∂
µρ++h − Y ++µ ∂µρ−−h
)
+ igηv
(
W+µ ∂
µη−h −W−µ ∂µη−†h
)
+igηv
(
X−µ ∂
µη+h −X+µ ∂µη+†h
)− gηv(A3µ + 1√
3
A8µ
)
∂µη˜11, (3.10)
5where η±h = η
±. The last gauge term in (3.10) can be expressed in terms of the Zµ and Z
′
µ as follows
A3µ +
1√
3
A8µ =
1
cW
Zµ +
1√
3
√
1− 3t2WZ ′µ,
which means that the transition between Aµ and η11 does not occur as is desired. Even with use of the Rξ gauge in
the stage of the symmetry breaking of SU(2)⊗U(1)Y to U(1)em these terms remain without vanishing. The existence
of these transition terms gives an effect on the propagator through the mixing of the scalar and gauge fields, and then
gives rise to disagreement with the limit of ξ → 0 in the Rξ gauge in which these transition terms disappear from the
Lagrangian by the gauge fixing term.
4. GAUGE FIXING AND GHOST TERMS IN Rξ GAUGE
In this gauge, the scalar fields have three non-zero components as in (3.1) and (3.4). It is convenient to use the
hermitian fields such as that below (3.1). Then, the Lagrangian is given by these fields and a brief explanation will
be given[7].
The second order terms on the fields in the Lagrangian are related with the propagators and one will give these
terms below. The kinetic energy terms of the scalar fields are written as follows∑
φ
(∂µφ)†∂µφ =
1
2
[
1
ρ2v + η
2
v
{
(ρv∂
µη˜12 − ηv∂µρ˜11)2 + (ηv∂µη˜12 + ρv∂µρ˜11)2
}
+
1
ρ2v + η
2
v
{
(ρv∂
µη˜22 + ηv∂
µρ˜21)
2 + (ηv∂
µη˜22 − ρv∂µρ˜21)2
}
+
1
χ2v + ρ
2
v
{
(χv∂
µρ˜13 − ρv∂µχ˜12)2 + (χv∂µχ˜12 + ρv∂µρ˜13)2
}
+
1
χ2v + ρ
2
v
{
(χv∂
µρ˜23 + ρv∂
µχ˜22)
2 + (χv∂
µχ˜22 − ρv∂µρ˜23)2
}
+
1
χ2v + η
2
v
{
(χv∂
µη˜23 + ηv∂
µχ˜21)
2 + (χv∂
µχ˜21 − ηv∂µη˜23)2
}
+
1
χ2v + η
2
v
{
(χv∂
µη˜13 − ηv∂µχ˜11)2 + (χv∂µχ˜11 + ηv∂µη˜13)2
}]
+ (∂µχ˜α3)
2 + (∂µρ˜α2)
2 + (∂µη˜α1)
2, (4.1)
where each term is rewritten in a linear form except for the last line for latter convenience. Similarly, the second order
terms in the potential (2.4) are given as follows
V ∼ c7
4
{
(χvρ˜13 − ρvχ˜12)2 + (ρvχ˜22 + χv ρ˜23)2
}
+
c8
4
{
(χvη˜13 − ηvχ˜11)2 + (χv η˜23 + ηvχ˜21)2
}
+
c9
4
{
(ρvη˜12 − ηvρ˜11)2 + (ρv η˜22 + ηv ρ˜21)2
}
+
1
2
(
χ˜23, ρ˜22, η˜21
)
M2(χ,ρ,η)

 χ˜23ρ˜22
η˜21

 , (4.2)
where
M2(χ,ρ,η) =

 2c1χ2v c4χvρv c5χvηvc4χvρv 2c2ρ2v c6ρvηv
c5χvηv c6ρvηv 2c3η
2
v

 .
It is noted that the second order terms of the scalar fields in the Higgs mechanism are given from (4.1) and (4.2) by
putting χ˜αj → χhδα2δj3, ρ˜α1 → 0, ρ˜α2 → ρhδα2 with all other terms.
The gauge fixing Lagrangian is given without using auxiliary fields by[7]
Lgf = − ξ
2
9∑
a=1
(
∂µV aµ − i
1
ξ
gavTLΦ˜aΦ˜
)2
, (4.3)
6where
LΦ˜a ≡ I2 ⊗
(
Lχa− ⊕ Lρa− ⊕ Lηa−
)
+ τ2 ⊗
(
Lχa+ ⊕ Lρa+ ⊕ Lηa+
)
,
Lφa± =
1
2
(
Lφa ± LφaT ),
Lφa = La =
1
2
λa (a = 1, 2, · · · , 8); yφI3 (a = 9),
Φ˜ =
(
χ˜, ρ˜, η˜
)T
.
It is noted that the cross terms from (4.3) give the total divergence together with the third term in (3.8) and thus
these terms are omitted from the Lagrangian. The explicit expression of (4.3) except for the cross terms is given as
follows
Lgf ∼ −ξ
[(
∂µW+µ
)2
+
(
∂µX+µ
)2
+
(
∂µY ++µ
)2
+
1
2
(
∂µZ1µ
)2
+
1
2
(
∂µZ2µ
)2
+
1
2
(
∂µAµ
)2]
− g
2
8ξ
[(
ηvη˜12 + ρv ρ˜11
)2
+
(
ηv η˜22 − ρvρ˜21
)2
+
(
χvχ˜11 + ηv η˜13
)2
+
(
χvχ˜21 − ηv η˜23
)2
+
(
χvχ˜12 + ρv ρ˜13
)2
+
(
χvχ˜22 − ρvρ˜23
)2]− 1
2ξ
{
M2+
(
ρ˜M+
)2
+M2−
(
η˜M−
)2}
, (4.4)
where
χ˜0 = a
(
ρvηvχ˜13 + χvηvρ˜12 + χvρv η˜11
)
, ρ˜M+ = cos θρ˜− + sin θη˜+,
η˜M− = − sin θρ˜− + cos θη˜+, ρ˜− = b
(
χvχ˜13 + ρvρ˜12 − 2ηvη˜11
)
,
η˜+ = c
{
χv
(
ρ2v + 2η
2
v
)
χ˜13 − ρv
(
χ2v + 2η
2
v
)
ρ˜12 + ηv
(
χ2v − ρ2v
)
η˜11
}
,
a2
(
χ2vρ
2
v + χ
2
vη
2
v + η
2
vρ
2
v
)
= 1, b2
(
χ2v + ρ
2
v + 4η
2
v
)
= 1, c = ab,
tan θ =
1
2M223
[
M233 −M222 −
√(
M233 −M222
)2
+ 4
(
M223
)2 ]
,
M222 = b
2
[
g2
3
(
χ4v + ρ
4
v + 4η
4
v − ρ2vχ2v + 2η2vχ2v + 2η2vρ2v
)
+ g2N
(
χ2v − ρ2v
)2]
,
M233 =
4b2
a2
(
g2
4
+ g2N
)
, M223 =
2b2
a
(
χ2v − ρ2v
)(
g2
4
+ g2N
)
,
M2± =
1
2
[
g2
3
(
χ2v + ρ
2
v + η
2
v
)
+ g2N
(
χ2v + ρ
2
v
)
∓
√{g2
3
(
χ2v + ρ
2
v + η
2
v
)
+ g2N
(
χ2v + ρ
2
v
)}2
− 4g
2
3a2
(g2
4
+ g2N
) ]
.
The Lagrangian for the ghost fields is given by
Lgh = i
[
∂µC
a(
∂µC
a + gafabcV
b
µC
c
)− gagb
ξ
C
a
vTLΦ˜aLΦ˜b
(
v + Φ˜
)
Cb
]
. (4.5)
The masses of the ghost fields are determined from the last term in (4.5) and given with the expression corresponding
to (3.9) for the vector fields except for the factor ξ. The notations such as C±W and C
±
W are used for the ghost fields
with the definite mass corresponding to these of the vector field such as W±µ .
5. DISCUSSION
In the Higgs mechanism the field χ is changed to the form of (3.2) in the symmetry breaking of SU(3)⊗U(1)N
to SU(2)⊗U(1)Y but the ρ, η have the three components which are affected by the gauge transformation. In the
violation of SU(2)⊗ U(1)Y to U(1)em the ρ is fixed to the form (3.5) by the gauge transformation. Thus, in the case
of the U gauge the third term of (3.8) (or the transition terms (3.10)) appears without vanishing and can not be
7eliminated by some physical procedure because there remains only to fix the gauge of U(1)em. Thus, the propagators
for the gauge and scalar fields are given through a combination of these fields. For instance, for a pair of A6µ and ρh13
their propagator satisfies the equation( (
∂2 +M2Y
)
gρν − ∂ρ∂ν − 12gρv∂ν
1
2gρv∂
ρ −(∂2 + 12c7χ2v)
)
D
(
gµρ ; ρ13;x− y
)
=
(
gµν 0
0 1
)
δ4
(
x− y),
which gives the form in momentum representation neglecting a factor for boundary condition
iD
(
gµν
)
= i

− 1
k2 −M2Y
(
gµν − k
µkν
M2
Y
0
0 0
)
+
1
k2 − 2c7
g2
M2Y
χ2v + ρ
2
v
χ2v

 g2ρ2vkµkν4M4Y − igρvkν2M2Y
igρvk
µ
2M2
Y
1



 .
It thus follows that the propagators for the gauge and the scalar fields can not be separated for each of the gauge and
scalar particles in general in the case of the U gauge.
On the other hand, in the Rξ gauge the third term in (3.8) makes a total derivative together with the term from
the gauge fixing Lagrangian (4.3) to be neglected from it. It follows from (3.9) and (4.4) that the propagators for the
gauge particles are given in the well known form and thus approach to those for the vector particles in the limit of
ξ → 0 for massive particles.
The propagators of the ghost fields are given with the mass term in a form (mass of vector particle)2/ξ except for
a mass zero field corresponding to Aµ, which remains as a free field, and thus these ghost fields approach to zero in
the limit of ξ → 0 in agreement with the known results.
The propagators for the scalar fields are obtained from (4.1), (4.2) and (4.4) and some of them are given explicitly
as follows
i
k2 − 2c7
g2
M2Y
; for
1√
ρ2v + η
2
v
(ρv η˜12 − ηvρ˜11),
i
k2 −M2Y /2ξ
; for
1√
ρ2v + η
2
v
(ηv η˜12 + ρvρ˜11),
i
k2 − 2c8
g2
M2X
; for
1√
χ2v + η
2
v
(χvη˜13 − ηvχ˜11),
i
k2 −M2X/ξ
; for
1√
χ2v + η
2
v
(χvχ˜11 + ηvη˜13),
i
k2 −M2+/ξ
; for ρ˜M+ ,
i
k2 −M2−/ξ
; for η˜M− .
It follows that in the limit of ξ → 0 the mass for the combinations such as (ηv η˜12+ρvρ˜11), χvχ˜11+ηvη˜13, ρ˜M+ and η˜M−
which are not contained in the potential approaches to infinity and thus the fields with the mass will approach to zero,
while the fields with the mass independent of ξ such as those for ρvη˜12 − ηv ρ˜11 and χv η˜13 − ηvχ˜11 can not disappear.
And it is easily seen that all components of the tilde fields must remain without vanishing. Then it is apparent that the
condition (3.3) of the unitary gauge is not satisfied for such χ with nonzero components χ˜αj (α = 1, 2; j = 1, 2; α =
1, j = 3) and similarly (3.6) is not satisfied for the ρ with the components ρ˜αj (α = 1, 2; j = 1; α = 1, j = 2).
Thus, it may be concluded that in general the gauge given by the limit of ξ → 0 is not the unitary gauge given by the
condition of the unitary gauge such as (3.3) and (3.6) though the ghost fields and the Goldstone bosons drop out. Of
course, if only the χ exists, it is easily seen that the gauge given by the limit of ξ → 0 agrees with the unitary gauge
as in the SM because in this case the tilde fields except for χ˜23 disappear.
It is noted that the eight degree of freedom of the scalar particles disappears in the limit of ξ → 0 which fact agrees
with the general result in the Higgs mechanism and then the special gauge of ξ → 0 contains only the physical vector
and scalar particles in a sense with definite mass, while in the gauge of the Higgs mechanism the vector and scalar
particles except for χh, ρh and ηh21 are mixed as seen from (3.10) to give their propagators and in the sense with no
definite mass they will not correspond to the physical particles in general.
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